Aim To obtain the transgenic carrot and celery plants able to express recombinant thaumatin II in order to increase plant stress tolerance. Methods. Agrobacterium-mediated transformation of carrot and celery seedlings was used for obtaining the transgenic plants. Presence and transcription of the transgene in plant tissues were proved by PCR and RT-PCR analysis. The plants were tested for biotic stress tolerance by in vitro antifungal and antibacterial activity assays and for salinity and osmotic stress tolerance by plant survival test in presence of NaCl and PEG in different concentrations. Results. Transgenic plants able to express recombinant thaumatin II gene (transcription proved for 60-100 %) were obtained by agrobacterial transformation. The transgenic carrot plant extracts inhibited growth of the studied phytopathogenic bacteria strains but exhibited no antifungal activity. Survival level of transgenic plants under the salinity and osmotic stress effect was defi nitely higher comparing to the untransgenic ones. The analysis of photosynthetic pigment content in the transgenic carrot plants showed no signifi cant difference of this parameter under salinity stress that may indicate the possible protective activity of the recombinant protein. Conclusions. The obtained in our study transgenic carrot and celery plants able to express the recombinant thaumatin II gene were characterized by antibacterial activity and increased tolerance to salinity and osmotic stress factors. K e y w o r d s: carrot, celery, thaumatin II, Agrobacterium-mediated transformation, stress tolerance.
Introduction
Such environmental stresses as soil salinity, drought and pathogen infection are considered the most harmful ones that can severely limit the plant growth and productivity [1] . Nowadays the transgenic approaches are successfully used for creation of the crops with over-expression of the genes that encode specifi c defensive proteins which are induced in response to different types of stress and pathogen attack. Recent studies have shown the enhanced plant abiotic stress tolerance in addition to plant resistance to fungal pathogens for the transgenic plants carrying the recombinant thaumatin gene [2] [3] [4] . Thaumatin is a sweet-tasting protein isolated from Thaumatococcus daniellii (Benth) fruits and known for its strong homology to thaumatin-like defensive proteins that are considered to alter the membrane permeability and the cell signal transduction cascades in plants and fungi as a result of stress or pathogen infection [2, 5] . Here we report the obtaining of transgenic carrot and celery plants able to express the recombinant gene of thaumatin II protein. The antibacterial and antifungal in vitro assays were carried out in order to fi nd out whether this gene expression supports the resistance of the obtained transgenic crops to patho-gen infection. The plant testing for in vitro osmotic and salt stress resistance enabled the identifi cation of the plant lines able to develop and generate biomass under stress conditions.
Materials and Methods
Plant material. Aseptic carrot plants cv. Nantska, Korotel, Red Giant and Perfektziya and celery ones cv. Paskal, Zephyr, Yablochnyi were used for our stu dy. The seeds of carrot crop lines Konservna-2, Do bir-1, Dobir-4 were generously provided by the Institute of Vegetable-and Melon-growing, NAAS of Ukraine. Seeds were surface-sterilized by dipping in 70 % etha nol for 2 min followed by 2 % sodium hypochlorite for 15 min and rinsing four-times in sterile distilled water. The carrot and celery seeds were germinated on MS medium [6] for 10-14 days.
Binary vectors and bacterial strains
The plasmid vectors pCB171 and pCB169 contained the sequence coding for recombinant thaumatin II gene fused with plastid targeting transit peptide sequence driven by 35S CaMV promoter and the selective genes of neomycin phosphotransferase II (nptII) and phosphino thricin N-acetyltransferase (bar) respe ctively driven by nopaline synthase (nos) promoter [7, 8] . Both constructs were transferred to Agrobacte rium tumefaciens nopaline strain GV3101 and Ag robacterium rhizogenes agropine strain A4 and then used for the plant genetic transformation. The bacterial suspension was cultured over night in liquid LB medium (10 g/l hydrolyzate casein, 5 g/l yeast extract, 10g/l NaCl, pH 7.2) at 28 C on rotary shaker (200 rpm) with 50 mg/l carbenicillin for both bacteria species and additionally 50 mg/l rifampicin for A. tumefaciens.
Genetic transformation
The bacterial suspension culture was sedimented by centrifugation (4,000 rpm, 4 °C). We used liquid MS medium with 200 μM acetosyringone for resuspendation of the obtained sediment with its further cultivation on rotary shaker (200 rpm) at 28 °C for 1 h. The plantlets were inoculated with the obtained bacterial culture by vacuum infi ltration. Then they were incubated on sterile blotting paper for 48 h in scattered day light.
The inoculated carrot explants were cultivated on MS medium with 2 mg/l Dicamba to stimulate callus forming, with 100 mg/l kanamycin as selective agent and 500 mg/l cefotaxim for bacterium elimination. In 5-6 weeks the primary carrot callus clones were put on hormone-free MS medium with the antibiotics of mentioned concentrations and were cultivated for 3-4 months at 22-23 °C, 16-hour-period lighting for regeneration. In 4-5 weeks the obtained celery callus clones were transferred to B5 medium [9] with 0.1 mg/l naphthaleneacetic acid and 0.6 mg/l kinetin for plant regeneration, 600 mg/l cefotaxim and 5 mg/l Basta or 100 mg/l kanamycin as selective agents. The obtained plants were moved to glass tubes and then rooted in MS medium.
Molecular analysis of the transgenic plants
PCR The total plant DNA was extracted by CTABmethod [10] . The total agrobacterial DNA was extracted according to Draper et al. [11] . The transgene presence in the obtained plants was proved by PCR analysis. The analysis was carried out using 5`gcatg cccaccttcgagatcg3` и 5`gcttgcatgcctctagactgcagtt3` primers for amplifi cation of 642 bp thaumatin gene fragment under such conditions: 5 min at 94 °C -30 cycles (30s at 94°C; 30s at 68 °C; 45s at 72 °C) -5 min at 72 °C. To detect bacterial contamination we ap plied primer pair 5'-atgtcgcaaggcagtaagccca-3', 5'-ggagtc tttcagcatggagcaa-3' [12] for amplifi cation of 432 bp fragment of virD1 gene under the following conditions: 5 min at 94 °C-30 cycles (30s at 94 °C; 30s at 60 °C; 30s at 72 °C) -5 min at 72 °C. The samples were fractionated in 1 % agarose gel in TBE buffer.
RT-PCR The total plant RNA was extracted according to Logermann et al. [13] . The synthesis of fi rst cDNA chain on DNA-free RNA matrix was carried out using kit #К1612 (Fermentas) for RT-PCR analysis according to the enclosed instructions. Two parallel reactions in the presence and absence (negative control) of reverse transcriptase were carried out for each sample. We used the described earlier primers and conditions for further amplifi cation of thaumatin II gene fragment.
Antibacterial activity assay
Phytopathogen bacteria strains (Pseudomonas syringae 8511, Pecto bac terium carotovorum 8982, Xan thomonas campestris 8003b, Agrobacterium tumefaciens 9626) were kind ly donated by D. Zabolotny Institute of Microbiology and Virology, NAS of Uk raine.
The extracts of carrot leaves or taproots were prepared by triturating in double volume of 1M PBS buffer and further several-step centrifugation (10000 rpm for 5-7 min; 15000 rpm for 25 min., 4 C). The obtained plant extracts were tested for antimicrobial activity by modifi ed disk diffusion method. The transgenic plant extracts, the extracts of untransformed plants and PBS buffer were dropped (3-4 times on each Petri dish) on the bacterial lawn. The bac terial cultures were cultivated in thermostat at +28 C. The antibacterial activity of the studied extracts was evaluated visually according to the zones of bacteria growth elimination in 24 hours. The experiment was repeated three times.
Antifungal activity assay
Phytopathogenic fungal culture was isolated from the carrot samples incubated on three solid nutrient media: malt extract agar, potato-dextrose agar and Czapek agar medium at 28 ± 2 °C for 14 days [14] . The isolated culture was studied using light microscope MBI-6. The length and width of macro-and microconidia, the size of chlamydospores and diameter of fungal hyphae were measured (x320 enlargement). The isolated plant pathogenic strain was identifi ed as Fusarium solani (Martius) Saccardo [15, 16] . The fungal inoculum (1 ml) of conidia suspension (1  10 6 / ml) was mixed with 100 ml medium and cooled to 30 C in order to provide fungi homogenous growth [17] . The extracts of carrot leaves or taproots were prepared by triturating in double volume of buffer containing 100 mM Tris HCl, pH 8.0, 5 mM Na 2 EDTA, 100 mM NaCl, 10 mM betamercapthethanol with 2.5 % PVP and further several-step centrifugation (10000 rpm for 5-7 min; 15000 rpm for 25 min, 4 C). The extracts (100 μl) were added to 1 cm diameter lunula and incubated for 24h at 4 °C to enable diffusion of their compounds into agar. Tris-buffer was used as a control. The plates were incubated at 28 ± 2 °C for 24-48 hours with further visual estimation of the zones of fungi growth inhibition.
Plant analysis for osmotic and salt stress tolerance
The transgenic carrot plants and untransformed (control) ones were cultivated on MS-based media containing 100 mM NaCl, 200 mM NaCl, 300 mM NaCl, 5 % PEG 6000 and 7 % PEG 6000 for 10 days (NaCl) or 15 days (PEG) in order to evaluate the plant salt and osmotic stress tolerance. Meanwhile, we estima ted the plant growth parameters and measured their relative growth rate (RGR). RGR was calculated as RGR = (lnM 2 -lnM 1 ) / (t 2 -t 1 ) where M 1 and M 2 -yielding plant masses, t 1 and t 2 -harvest times. [18, 19] .
To measure the photosynthetic pigment content in the stress-effected plants we prepared the extracts by plant triturating in four-fold volume of dimethyl sulfoxide and further incubation in heated bath at 67 o C for 4 hours. The extract optic density (649, 665 and 480 nm) was measured by spectrofl uorimeter and then the pigment content was calculated according to Wellburn et al. [20] 
Results and Discussion
Agrobacterium-mediated transformation of carrot has been reported to provide the opportunity to enhance stress-tolerance and resistance to fungal pathogens by introducing genes encoding chitinases, glu ca na ses, thaumatin-like proteins, osmotin or lysozyme [3, 21, 22] . However, we did not manage to fi nd any reports concerning the transgenic celery plants containing the transgenes encoding for pathogen-resistance proteins, though the successfully obtained transgenic celery plants have been reported to carry the introduced reporter or pharmaceutical protein genes [23, 24] .
In our study the primary carrot callus clones (Fig.  1, A) were moved on regenerative medium with antibiotics in mentioned concentrations in 5-6 weeks after genetic transformation. First regenerates were formed via somatic embryogenesis in 3 months (Fig. 1, B) . The regeneration of celery plants was observed in 7-8 weeks after obtaining celery callus clones on regenerative medium with selective agents in mentioned concentrations (Fig. 1, C) . We managed to obtain up to 4-5 transgenic carrot plants or 2-3 celery ones from each callus clone though we considered them as one regenerated formation due to the same origin. The control untransformed carrot and celery explants were unable to form callus on the media with selective agents.
The frequency of carrot and celery plant genetic transformation is shown in Table 1 as a ratio of the obtained callus clones to the total quantity of the explants. No signifi cant difference of this parameter was observed for diverse carrot cultivars or crop lines but it was observed for celery cultivars probably due to low regenerative capability of Zephyr hypocotyle and leaf explants (results not shown). There was no signifi cant difference of genetic transformation frequency for two Agrobacterium strains used for genetic transformation.
PCR analysis proved the presence of recombinant thaumatin II gene (Fig. 2, A) for 60-100 % of the stu died plants and showed the absence of agrobacterial contamination for all of them. RT-PCR analysis pro ved the transcription of the target gene (Fig. 2, B) . The expression of the thaumatin gene was resulted in sweet taste properties for such transgenic crops as potato [25] , tomato [26] , cucumber [27] etc. But we found no taste difference between the obtained transgenic carrot plants and the control untransformed ones. Meanwhile, no alteration of taproot taste has been reported earlier for the carrot plants with proved accumulation and activity of the recombinant thaumatin-like proteins [3, 28] .
Antifungal activity analysis of the transgenic carrot plant extracts was carried out using F. solani (Mart.) Sacc phytopathogenic strain. We observed no fungal mycelium growth inhibition in our in vitro experiments. At the same time a number of the reports concerning the carrot, tomato and tobacco plants carrying the thaumatin-like III gene sequence showed the increase of plant antifungal activity to Alternaria dauci, A. solani A. petroselini, A. radicini, Botrytis cinerea, Rhizoctonia solani, Sclerotinia sclerotiorum [25] [26] [27] 29] , the transgenic canola, rice, banana, strawberry plants with the thaumatin-like gene sequences exhibited increasing antifungal activity to S. sclerotiorum, R. solani, F. oxysporum, B.cinerea respectively [30] [31] [32] 4] . Here the further antifungal activity analysis of the obtained thaumatin-containing carrot plants seems to be necessary with other phytopathogenic fungi species.
The protein extracts of young transgenic plants inhibited the growth of all the studied phytopathogenic X. campestris 8003b, A. tumefaciens 9626, P. carotovorum 8982, P. syringae 8511 strains even beyond (3-8 mm) the measures of drop area. According to Patyka et al. [33] the bacteria growth inhibition zones of 3-8 mm (12-20 mm diameter) allowed us to consider the studied bacteria strains slightly sensi- The thaumatin-like proteins are known to have such physiological function as plant protection against osmotic stress conditions. [34] In our study the survival level of the transgenic carrot plants expressing the recombinant thaumatin gene was defi nitely higher comparing to control untransgenic ones as the latter did not manage to survive on the media with 5 %, 7.5 % PEG 6000 and were characterized with much lower vital and growth potential on the media with NaCl. Whereas the RGR-test showed no signifi cant changes for the transgenic plants under the salt and osmotic stress effect (Fig. 4) , the RGR of the control plants declined twice, their leaves being yellowish, wrapped and less-numbered in the presence of 200-300mM NaCl. Such biomass decreasing of the untransformed plants may be supplemented by water loss under the salt stress effect. We presume that higher vital level of the transgenic carrot plants under the salt stress effect could indicate a possible protective activity role of the recombinant protein in the transgenic plants. Furthermore, we identifi ed the transgenic carrot plant lines able to develop and generate biomass under osmotic and salt stress conditions.
Photosynthesis is a dominant physiological process thus the limitation of plant growth by stress factors is usually connected with it. The salt stress is considered to cause the decline of chlorophyll and carotenoid content in leaves [35] . Chlorophyll/carotenoid ratio and chlorophyll a/b ratio (normally 3:1) are known to increase in the early stress-effect period and chlorophyll a/b ratio may decrease in case of the prolonged treatment. So, the measuring of photosynthetic pigments content in the studied plant tissues could allow us to analyze the physiological state of the obtained plants under the salt and osmotic stress effect. Moreover the analysis of photosynthetic pigment content appears quite interesting in view of the possible consequences of using the plasmid vectors which contained the sequence of recombinant thaumatin II fused with plastid targeting transit peptide for the genetic transformation.
Analysis of the chlorophyll content in the nontransgenic plants proved the predicted decline of chlorophyll content in plant tissues in case of salt concentration increasing in the nutritive media. The chlorophyll concentration appeared to decrease greatly so that the chlorophyll a/b ratio was characterized by nearly three-time fall that agrees well with the earlier studies [36, 37] . At the same time this parameter did not signifi cantly differ in plant tissues of the obtained transgenic carrots despite the salt concentration varying up to 300 mM NaCl in the nutritive media (Fig. 5) .
This fact might indicate a possible protective role of the recombinant protein in the transgenic plant tissues. The chlorophyll/carotenoid ratio in the obtained transgenic carrot plants demonstrated no signifi cant difference either. The decreased photosynthetic pigment content in the control transgenic plants turned out to be comparable with pigment declining in the tissues of the transgenic plants obtained via genetic transformation using the plasmid vectors with the reporter gene (gusA) in place of thaumatin II one and could be probably explained by Agro bacterium transformation stress effect.
Conclusions
This work reports the obtaining of the transgenic carrot and celery plants able to express the recombinant gene of thaumatin II protein. No taste difference was observed for the transgenic carrot plants comparing to the untransgenic ones. The extracts of the obtained thaumatin-expressing plants were characterized by antibacterial activity. The RGR-test proved the high vital and growth potential of the transgenic carrot plant lines under osmotic and salt stress conditions, so we may presume the possible protective activity of the recombinant protein in the transgenic carrot plant tissues under salt/osmotic stress effect.
